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Abstract 
On January 27, 2009, protons were accelerated by the 50GeV proton 
synchrotron (50GeV-PS) of the Japan Proton Accelerator Research Complex 
(J-PARC) up to its initial goal of 30GeV, and were successfully extracted for 
the first time to the Hadron Experimental Hall in the Particle and Nuclear 
Physics Facility of the J-PARC.  The proton beam was transported to the 
secondary-particle production target, T1, in the Hadron Experimental Hall, 
which was 250 m away from the beam extraction point from the 50GeV-PS, 
and finally absorbed by the beam dump, which located 50 m downstream 
from T1. 
1 J-PARC  
J-PARC consisted of three stages of accelerators, the proton linear accelerator (LINAC) of 181MeV, 
the rapid-cycle 3GeV proton synchrotron (RCS), and the main 50GeV Proton Synchrotron (50 GeV-
PS).  The construction of the J-PARC started in 2001 and almost completed in the early 2009.  The 
most characteristic feature of each J-PARC accelerator is its high beam power, e.g. the designed beam 
intensity of 50GeV-PS is 15μA, i.e. the beam power of 750kW [1].   
The first beam was obtained from LINAC on January 24th in 2007.  The J-PARC LINAC 
accelerated the H− beam up to the energy of 181 MeV, which is the design value at the phase one of 
the project, at the first time and it will be used for the injection to RCS.  The beam energy of LINAC 
achieved was measured by means of time-of-flight method.  The peak current, the beam pulse length, 
and the repetition rate of LINAC were 5 mA, 20 μs and 2.5 Hz, respectively.  These values were 
selected for the purpose of the initial beam study, to avoid a possible damage in accelerator 
components, if something wrong happened at a high beam power.  Now the beam current has been 
much increased. 
On October 31st 2008, RCS successfully accelerated the 181-MeV proton beam injected from 
LINAC to its designed maximum beam energy of 3 GeV.  The beam was extracted to the 3 GeV 
beam transport line and irradiated the muon and neutron production targets prepared in the Material 
and Life Science Facility (MLF), where researchers will perform experiments using pulsed muon and 
pulsed neutron beams.  H−-beam accelerated by LINAC was charge exchanged at the injection point 
of RCS and then converted to H+ and transferred to the circulating beam orbits in RCS.  After the 
first success of 3 GeV acceleration, the beam intensity of RCS is gradually increasing and now 
continuous beam of 100kW (25Hz operation) and the continuous-equivalent 250 kW beam as the 
maximum-peaked pulsed beam have been achieved.  The 3 GeV beam from RCS will be injected to 
the last stage of the accelerator complex of J-PARC, i.e. 50 GeV-PS. 
In December 2008, the J-PARC 50-GeV Proton Synchrotron (50 GeV-PS) has successfully 
accepted the proton beam injected from RCS and accelerated it up to 30 GeV, at which we will 
operate the 50 GeV-PS at the first phase of the project.  The beam thus accelerated was finally 
extracted to an abort beam dump prepared in the accelerator tunnel.  The beam commissioning of 50 
GeV-PS started on December 22nd, 2008.  The proton beam was successfully accelerated up to 30 
GeV and extracted to the abort beam dump at 17:34 (Japan Standard Timing, JST) on the next day, i.e. 
the 23rd of December.  The next step left for 50GeV-PS is the extraction to Hadron Experimental 
Hall (scheduled in January 2009) and to Neutrino Beam Line (scheduled in April 2009).  This very 
quick success of the beam acceleration by 50 GeV-PS is owing to its special lattice structure realizing 
imaginary γt (no transition energy).  On the same day, RCS officially started supplying the proton 
beams to the MLF users.  Both operations (the 50 GeV-PS acceleration and the MLF operation) were 
realized in parallel by the success of the pulse bending magnet which controls the proton beam 
directions between 50 GeV-PS and MLF.  
 
On January 27th, 2009, protons were again accelerated up to 30 GeV and then successfully 
extracted to Hadron Experimental Hall in Nuclear and Particle Physics Facility and transported to the 
beam dump [2].  Hadron Experimental Hall is one of the two facilities at 50 GeV-PS and utilizes the 
various kinds of secondary particles generated by protons.  To make plenty of secondary particles by 
the high intensity proton beam available for experiments, many methods of handling the high intensity 
beam have been developed for this facility.  In particular, firm radiation shield was constructed and 
the magnets that were hard to be broken and easy to be replaced, in case in trouble in the high 
radiation area, were produced. 
The last trial of the beam extraction from 50GeV-PS was mede on April 23rd in 2009 by the 
fast extraction.  Construction of Neutrino Beam Line has already been completed and tested at the 
other extraction port from 50GeV-PS where the fast extraction is available.  The long baseline 
oscillation experiment, T2K, is now waiting for high intensity proton beam.  Super KAMIOKANDE, 
which is 295km away from J-PARC, is the far detector of T2K.  In the evening (19:09 JST) on April 
23, the Tokai to Kamioka (T2K) long baseline neutrino oscillation experiment confirmed the first 
neutrino beam production by observing the muons produced by the proton beam in the neutrino beam 
detection facility at J-PARC. 
Fig. 1: J-PARC Accelerator Complex, i.e. 181MeV LINAC, 3 GeV RCS, and 50 GeV-PS.  
Two extractions from 50GeV-PS are for slow extraction for Hadron Experimental Hall 
(‘Hd’ in above figure) and fast extraction for Neutrino Beam Line (ν). 
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Then the test of proton beam acceleration started in November 2006 has been completed.  
Protons were successfully accelerated to the designed energy of LINAC (the 1st accelerator of J-
PARC) in January 2007, to the designed energy of the 3 GeV Rapid Cycle Synchrotron (the 2nd 
accelerator) in October 2007, and to the initial goal of 30 GeV in December 2008 by the 50 GeV-
Proton Synchrotron, and extracted to Hadron Experimental Hall (January 2009) and Neutrino Beam 
facility (April 2009).  Now the physics experiments as well as endless efforts to increase beam 
intensity of accelerators started. 
2 Hadron Experimental Hall 
The beam extraction to Hadron Experimental Hall from 50 GeV-PS is performed via third order 
resonance method, which requires stable control of beam trajectory in the ring.  After the first success 
of the extraction and transport of 30GeV beam to Hadron Experimental Hall, both extraction orbit in 
the ring and transport trajectory in the beam transport line are carefully tuned, and finally no beam loss 
has become seen in the accelerator itself and the beam line except for the proper positions where beam 
loss is unavoidable in principle, e.g. the extraction electrostatic septum where the proton beam hit the 
thin foil electrode directly. 
  
On February 10th, after the careful tuning of the primary proton beam line, the secondary 
production target, T1, was inserted in the primary beam line and tuning of the secondary beam line 
started.  The layout of the Hadron Experimental Hall is shown in Fig.2 and 3.  The beam extracted 
from 50GeV-PS is transported along 250m Switch Yard (SY) and hit the T1 target placed at almost 
the upstream end (entrance area) of Hadron Experimental Hall, and is finally absorbed by the beam 
dump, which is located 50 m downstream from T1.  Three secondary beam lines are connected to the 
T1 target.  The first is K1.8 beam line which has two stage electro static (ES) separation and provide 
very clean charged kaon beam up to 1.8GeV/c.  The second is K1.1.  The configuration of K1.1 is 
almost the same as K1.8.  However the maximum beam momentum is 1.1 GeV/c and the beam length 
is much shorter than K1.8.  Both K1.8 and K1.1 beam lines has their branch beam, K1.1BR and 
Fig. 2: Hadron Experimental Hall just after the completion of its radiation shield.  T1 
target locates at the merging point of secondary beam (yellow) lines. 
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K1.8BR, after the first ES separator.  The third beam line is KL beam which directly see the T1 target 
and accept neutral kaon beam.  This KL beam line is designed dedicatedly to the precise 
measurement of CP violating kaon decay in order to study Cabibbo-Kobayashi-Maskawa matrix. 
 
 
Fig. 3: Plan view of Hadron Experimental Hall.  Three secondary beam lines, 
K1.8, K1.1 and KL are connecting to T1 target.  Possible location of high 
momentum beam line, High-p, is also shown. 
Fig. 4: Identification of kaons by time-of-flight method at K1.8BR beam line. 
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In the last February, while the beam intensity of the first beam commissioning period was just 
10nA and the beam power of 300W corresponding to 0.1% of the design, the joint experimental team, 
E17 lead by Professor Ryugo Hayano, University of Tokyo and E15, lead by Dr. Masahiko Iwasaki, 
Riken, has successfully confirmed kaon generation in the secondary beams at K1.8BR as shown in Fig. 
4.  The beam line magnets of K1.8BR were adjusted so that the beam momentum is held at 1.1 
GeV/c, and the team obtained the clear signal of kaons in huge numbers of pions and secondary 
protons by means of the time-of-flight method.  This result was reported by Dr. Takatoshi Suzuki, 
University of Tokyo, at "Workshop Celebrating the First Beam at Hadron Hall" held on March 25-26 
at Tokai [3].  The quantity of kaons is about 1/500 of that of pions, consistent with the expected 
value for un-separated beam condition without the operation of the Electro-Static (ES) separator.  
The ES separator is designed to improve the kaon/pion yield ratio to be 1 or more.  The actual ES 
Separator of K1.8BR has already been installed in the beam line and tested in the working beam 
condition.  This confirmation of the kaon generation is a big step forward to utilize kaon beam at 
Hadron Experimental Hall. 
3 Next Step 
The operation of the 50 GeV-PS for the fiscal year 2008 was terminated on February 26th.  We will 
continue constructing and tuning the other beam lines such as K1.8 and KL.  At K1.8BR, full 
installation of the E17 experiment will resume, preparing for the next operation phase which will start 
in this autumn at the earliest.  The beam intensity of 50 GeV-PS will gradually be increased to its 
design value for the first phase of the project, i.e. 30 GeV-15 μA.  The high-power proton beam will 
be applied to the intense production of kaons, pions, and many other unstable and/or rare elementary 
particles such as antiprotons, which will allow significant progress in both nuclear and particle physics.   
In this meaning the Hadron Experimental Hall will be the first real Kaon Factory [4] in the world.  
Spectroscopic studies of s=-2 hypernuclei and precise measurements of CP violation in neutral kaons 
are the two major subjects of the Hadron Experimental Hall.  Beam line and analyzer system 
prepared for (K−, K+) reactions is now underway at K1.8 beam line as shown in Fig. 5. 
 
Fig. 5: QQDQQ beam momentum analyzer (orange and green magnets) and 
superconducting reaction analyzer (yellow sector magnet) installed at K1.8 beam line. 
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However in the early days of J-PARC, on which the beam power is gradually increasing to the 
design value, the experiments requiring relatively lower beam power are arranged to run.  The search 
for θ+ by hadronic reaction (π−, K−) is one of the first series of such experiments at the Hadron 
Experimental Hall.  Study of kaonic atoms using stopped K− is the other major subject of early days.  
Study of vector meson’s mass modification in nuclear matter does not require the beam power but 
high momentum (--20GeV/c) beam line, High-p, is necessary.  Construction of this kind of high-p 
line is now seriously in consideration as seen in Fig. 3. 
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